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ABSTRACT
Dispersed porcine parathyroid cells were incubated at calcium concentrations
between 0.5 and 3.0mM in the presence of 3H- or "C-amino acids to label newly
synthesized parathormone . Up to four times more hormone was secreted at the
lower calcium concentration but its specific radioactivity, from 30 to 50 times that
of the intracellular pool, did not change . Dibutyryl cyclic AMP doubled immu-
noactive parathormone secretion at each calcium concentration, but there was no
increase in secretion of radioactive hormone if labeled amino acids and secret-
agogue were added simultaneously . Similarly, when the intracellular pool of
parathormone was prelabeled with 3H-amino acids and then the cells were
incubated in "C-amino acids and dibutyryl cyclic AMP, the entire increase in
hormone secreted was derived from the prelabeled pool. (1)-isoproterenol in-
creased intracellular cyclic AMP and acted on hormone secretion in a manner
indistinguishable from dibutyryl cyclic AMP . In similar double-label experiments
dibutyryl cyclic AMP preferentially enhanced secretion of secretory protein-1, a
calcium-regulated protein of the parathyroid of unknown function . Calcium,
alone, inhibited the intracellular level of cyclic AMP in a concentration-dependent
fashion . These data are consistent with the existence in the parathyroid cell
preparation of two hormone and secretory protein pools that may be individually
recruitable-one consisting of most recently synthesized protein, the other con-
sisting of older "storage" protein . The data do not allow one to decide whether the
two pools coexist within individual cells or whether, instead, they exist in separate
cells of the dispersed gland preparation .
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The primary physiological regulator of parathor-
mone secretion is ionized calcium (12, 27, 28, 38).
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Several other agents also affect its secretion, and
their potential roles as physiological modulators
of secretion have been considered . These agents
include : Mg` (7, 27, 37), ß-adrenergic catechol-
amines (4, 6, 15, 39), dopamine (2), a-adrenergic
catecholamines (5), prostaglandins of the E series
93(16), dibutyryl cyclicAMP' (1, 39), and vitamin D
metabolites (8, 14) . Cyclic AMP appears to play a
critical role in the secretory process . In most cases
in whichenhanced secretion of hormone has been
elicited, including hypocalcemia, the cyclic AMP
level within the parathyroid cell has also been
elevated (1, 4, 11) . Finally, the parathyroid has
been shown to contain a calcium-inhibited ade-
nylate cyclase (13, 22, 31) .
The fundamental mechanisms through which
these various secretagogues and cyclic AMP func-
tion in the parathyroidarenot understood, in part,
because the secretory pathways in the gland have
only recently come under detailed study . During
the processing, packaging, and secretion of para-
thormone, newly synthesized hormone is, for the
most part, degraded and the remainder is either
secreted or stored (9, 10, 17) . Earlierdata from this
laboratory suggested that the gland contains two
hormone pools that may contribute to secretion:
one consisting of newly synthesized hormone, and
the other a slowly equilibrating pool of stored
hormone, presumably in secretory granules (21) .
In in vitro studies with parathyroid tissue slices
there appeared to occur a preferential secretion of
more recently synthesized hormone compared to
that from the storage pool . When hormone secre-
tion was stimulated by decreasing the concentra-
tion of calcium in the medium, the proportion of
hormone contributed from the newly synthesized
pool was somewhat greater .
In none of the previous studies were thepossible
differential effects on secretion of the various se-
cretagogues tested . In the present study, therefore,
using a dispersed parathyroid cell system (3, 24,
25), we compared the relative ability of calcium,
dibutyryl cyclic AMP, and (1)-isoproterenol to
stimulate secretion of hormone from the putative
newly synthesized and storage pools of parathor-
mone . Undersimilar conditions,we also examined
the secretion of secretory protein-1, a parathyroid
protein of unknown function (19, 24, 25) whose
release from the gland closely parallels that of
parathormone .
MATERIALS AND METHODS
Procine parathyroid cells were prepared by the collagen-
ase-DNase procedure of Brown et al . (3) with slight
' Abbreviations used in this paper: cyclic AMP, adenosine
3':5'-cyclic monophosphoric acid ; dibutyryl cyclic AMP,
N'',O'-dibutyryl adenosine 3':5'-cyclic monophosphoric
acid .
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modification (25). In all experiments the cells were in-
cubated at a density of 4 x 10 5 cells per ml in Krebs-
Ringer supplemented buffer (25) at 37°C containing I
mM magnesium sulfate andthe indicated concentration
of calcium chloride . Dibutyryl cyclic AMP and (I)-iso-
proterenol, when added, were used at i mM and I jiM,
respectively . In the initial experiments, the cells were
incubated with 50 ,ACi/ml''H-amino acid mixture (TRK
440, Amersham Corp ., Arlington Heights, IU .) for 90
min.
Viability of the dispersed cells was assessed by trypan
blue exclusion and was found to be in excess of 90%. In
addition, the cells were incubated for 20 min with
["Slmethionine, after which they were chased with non-
radioactive methionine foran additional 20 min, washed,
then fixed and examined by light microscope autora-
diography (29) . The bulk of the cells contained about the
same level of radioactivity (Fig. 1) .
In pulse-chase experiments designed to differentially
label the pools of parathormone available for secretion,
the cells were incubated at 3.0mM calcium chloride and
100 ttCi/ml ['H]lysine (90 Ci/mmol) for 60-90 min
followed by a 60-min chase in the presence of 250 tLM
nonradioactive lysine . During the chase period, the in-
corporation of "H label into total protein ceased . The
cells were harvested by gentle centrifugation and resus-
pended in fresh medium containing 5 ttCi/ml ["C]leu-
cine (354 mCi/mmol) at the indicated calcium and se-
cretagogue concentrations. Under these conditions, the
most recently synthesized protein contained "C label .
Since the standard buffer system contained only those
amino acids of the serum andthose released by the cells,
it was possible that the rate of incorporation ofradioac-
tive amino acids was not maximal . To check this, we
measured the incorporation of amino acid into cellular
protein in the presence or absence of a full complement
of added amino acids . In these studies, the rate of
incorporation of ['H)leucine was the same whether or
notamixture of 19 unlabeledamino acids (250yM each)
was added to the incubation buffer.
Radioactive protein in the medium was precipitated
with 25% trichloroacetic acid at 4°C. It was gathered by
centrifugation andwashed with 25% trichloroacetic acid
and then with ether to remove the trichloroacetic acid
and dissolved in 100 Al of 6 M urea-0 .5 N acetic acid .
We find that 25% trichloroacetic acid rather than the
10% used previously (24, 25) precipitates a greater por-
tion of parathormone fragment . Cell pellets were resus-
pended into 2 ml of 8 M urea-0.2 M cysteine-0.1 N
hydrochloric acid and homogenized with the aid of a
Polytron (Brinkmann Instruments, Inc., Westbury, N .
Y.) . This procedure solubilized the entire cell contents .
Proteins in the homogenate were precipitated by the
addition of an equal volume of 50% trichloroacetic acid
and processed as described above for the protein of the
media .
Radioactive proteins of the medium and of cellular
origin were separated on 10% polyacrylamide gels utiliz-FIGURE l
￿
Light microscope radioautography of radioactive amino acid-labeled porcine parathyroid
cells . Cells were incubated with [35S]methionine and processed as described in Materials and Methods .
Some cells appear devoid of grains due to the thickness of the specimen and limited focal plane . When
these regions are brought into focus, autoradiographic grains are also seen above these cells . Cells were
stained with hemotoxylinand differentiated with dilute hydrochloric acid . Overall magnification is approx .
1,500 .
ing the pH 4.5 buffer system of Reisfeld et al . (30)
containing 6 M urea and a fourfold molar excess of
N,N'-diallyltartardiamide in place of N,N'-methylene-
bis-acrylamide . The gels were frozen, sectioned into l-
mm segments with a Mickle gel slicer (Brinkman Instru-
ments, Inc.), and dissolved samples were assayed for
radioactivity by liquid scintillation counting in a toluene-
Triton-based phosphor solution (18) . Typical radioactive
patterns for the separation by this technique for para-
thormone, parathormone fragment, and secretory pro-
tein-1 are listed below in Fig . 2A .
Radioimmunoassay of parathormone in the spent in-
cubation mediaand in extracts ofthe polyacrylamide gel
slices was performed as described previously (18, 24)
using goat antisera (G-1811) that recognizes the carboxy-
terminal portionof parathormone .
For assay of intracellular cyclic AMP, the cell pellets
immediately after centrifugation were extracted with 5%
trichloroacetic acid . The acid extracts were then ex-
tracted with ether several times to remove the trichloro-
acetic acid and lyophilized to dryness . The residues were
dissolved in 50 mM sodium acetate, pH 6.2, and the
cyclic AMP content was determined by means of ra-
dioimmunoassay with cyclic AMP 'zsl tracer and cyclic
AMP antiserum after acetylation of the sample . Overall
recovery of cyclic AMP averaged 85% .
All radioactiveamino acidswere obtained from Amer-
sham Corp . Supplies necessary to conduct the radioim-
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England Nuclear (Boston, Mass .) . Assay of radioactivity
was performed by liquid scintillation spectrometry .
Other sources of reagents and other minor procedures
have been previously described (24) .
FIGURE 2
￿
The effect of dibutyryl cyclic AMP on the
secretion of t"C newly synthesized (A) and'H previously
synthesized (B) parathyroid proteins . Porcine parathy-
roid cells were incubated as described in the legend to
Table II (A) at 0 .5 mM calcium in the absence (O) or
presence (") of 1 mM dibutyryl cyclicAMP.
RESULTS
Table I lists the effects of dibutyryl cyclic AMP on
the specific radioactivity of the secreted and intra-
cellular parathormone at various calcium concen-
trations . The amount of both radiolabeled and
immunoactive parathormone increased coordi-
nately in the medium as the concentration of
calcium was lowered . Thus, the specific radioac-
tivity ofthe hormone in the medium remained the
same. The amount of total cellular parathormone
was up to 200-fold greater than that which was
secreted. Its specific radioactivity was relatively
the same at all calcium concentrations but was 30-
to 50-fold less than that of the secreted hormone .
Dibutyryl cyclic AMPstimulated secretion of par-
athormone about twofold at all concentrations of
calcium . In contrast to the effect of calcium, this
extra hormone was all nonradioactive . Therefore,
on average, the specific radioactivity of the hor-
mone in the medium in the presence of dibutyryl
cyclic AMP was one-half that of the controls .
Dibutyryl cyclicAMPhad little or no effect on the
tissue hormone level or its radioactivity .
We had one concern about the calculated values
for specific activity of parathormone listed in Ta-
ble I . The values were derived from the radioac-
tivity in intact parathormone actually measured
TABLE I
Effect of Calcium and Dibutyryl CyclicAMPon the Secretion and Cell Content of Total and Radioactive
Parathormone
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The cells were incubated in the presence of the 50 tiCi/ml 'H-amino acid mixture for 90 min at the indicated calcium
concentrations in the presence and absence of lmM dibutyryl cyclic AMP (DBcAMP) . At the endofthe incubation
period, the cells and media were separated by centrifugation and processed for assay of immunoreactive and
radioactive parathormone (PTH) . Results represent the average ofduplicate determinations .
Ca
mm
Control
PTH
+ DBcAMP
ng
Control
[ °HIPTH
+ DBcAMP
dpm
PTH
Control
dpmlng
+ DBcAMP
A. Secreted
3 .0 4 .5 8 .9 5,000 5,400 1,185 675
2 .0 5 .1 11.6 6,200 6,440 1.180 700
1 .5 11 .1 23 .3 10,950 11,870 990 510
1 .0 16 .0 29.7 18,900 20,680 1,215 555
0 .5 16 .8 30.4 19,900 20,485 1,100 610
Average 1,136 ± 90 610 ± 80
B . Cellular
3 .0 890 890 20,170 20,090 22 .7 22 .6
2 .0 910 880 19,030 19,510 20 .9 22.2
1 .5 890 850 17,250 16,940 19 .4 19.9
1 .0 810 850 16,250 16,010 20 .1 18.8
0 .5 850 830 15,780 16,380 18 .6 19.7
Average 20.3 ± 1.6 20 .6 ± 1 .7after separation by polyacrylamide gel electropho-
resis (Fig . 2) and the immunoactive "parathor-
mone" of the medium which we showed earlier to
consist of parathormone itself and some hormonal
fragments (24) . The calculated specific radioactiv-
ities, therefore, would have been affected should
there have been a change in ratio of fragment to
intact hormone in the samples . We ascertained
that this was not the case by direct immunoassay
of the parathormone and fragments in the poly-
acrylamide gels . Fig . 3 portrays the distribution of
immunoactivity in incubation medium under the
various experimental conditions . In accord with
the data of Table I, there was more parathormone
in the low calcium than high calcium medium,
and at either concentration dibutyryl cyclic AMP
enhanced secretion . The ratioof hormone to frag-
ment peaks, however, under all conditions re-
mained essentially the same, supporting the valid-
ity of the specific activity data of the table .
These data suggested that dibutyryl cyclic AMP
preferentially stimulated secretion of the previ-
ously synthesized (i.e ., nonradioactive) hormone
of the cell . This was tested in an alternative way
with parathyroid cells that had firstbeen incubated
with ['H]lysine or ['H]leucine for 90 min, chased
for 60 min by incubation with nonradioactive
amino acid, and finally, incubated with [
I"C]leu-
cine or ['"C]lysine in the presence or absence of
dibutyryl cyclic AMP. This approach wasdesigned
FIGURE 3
￿
The effect of calcium and dibutyryl cyclic
AMP on the secretion of immunoactive parathormone
and parathormone fragment. Porcine parathyroid cells
were incubated as described in Materials and Methods
at the indicated calcium in the absence (O) or presence
(") of l mM dibutyryl cyclicAMP. The oridinate depicts
the radioimmunoassayable parathormone equivalents
extracted from each 1-mm segment of polyacrylamide
gel .
to allow us to discern simultaneously the fate of
radioactive parathormone made by the cell before
and coincident with stimulation by dibutyryl cyclic
AMP. Table II shows that the amount of total
parathormone secreted was 3.5- to 4-fold greater
at 0.5 mM calcium than at 3.0 mM calcium . At
both concentrations, the hormone appeared to be
derived from both the previously synthesized and
more recently synthesized pools in about the same
proportion . The increase in previously synthesized
hormone secreted in response to thelower calcium
concentration provides evidence that calcium af-
fected secretion from both the newly synthesized
and storage pools . Dibutyryl cyclic AMP doubled
the amount of immunoactive hormone secreted,
and this additional hormone was derived prefer-
entially from the pool of older hormone since
there was essentially no increase in release of "C
hormone but an increase of 40% in release of 'H
hormone averaged for the two experiments . Be-
cause the percentage increase in total hormone
was about twice that of radioactive hormone de-
rived from the previously labeled pool, it would
appear that the "H parathormone had not fully
equilibrated within the storage pool.
We earlier showed that the rates of synthesis of
proparathormone as well as total protein were
unaffected by the calcium concentration in which
the cells were incubated (9) . In the present study,
we confirmed this for calcium and also found that
these parameters were unaffected by dibutyryl
cyclic AMP. For example, in one of several such
experiments, the incorporation of 3H-amino acids
into proparathormone at 0.5 mM and 3.0 mM
calcium, with or without 1 mM dibutyryl cyclic
AMP, averaged 36,300 ± 1,100 dpm per 10 min
per 10 5 cells . The incorporation of radioactive
amino acid into total cellular protein underunder
the same conditions averaged 118,500 ± 10,900
dpm . There were no differences in either param-
eter due to calcium or dibutyryl cyclicAMP . These
data together with those in Table I that show that
the amount and specific radioactivity of intracel-
lular parathormone did not change indicate that
the effect of dibutyryl cyclic AMP on the amount
of parathormone in the medium was exclusively
on secretion .
Presumably dibutyryl cyclic AMP worked on
the parathyroid cells by mimicking the action of
an appropriate hormone that would produce an
increase in intracellular cyclic AMP. We tested
this supposition by examining the effect of the 8-
agonist, (1)-isoproterenol, a parathormone secret-
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TABLE II
Effect of Calcium and Dibutyryl Cyclic AMP on the Secretion of Previously Synthesized ("Old') and Newly
Synthesized Parathormone
Exp A : stored hormone was labeled with ['H]lysine for 90 min at 3 .0 mM calcium . The ['H]lysine was chased by the
addition of 250 ttM unlabeled lysine and incubation was continued for an additional 60 min . Cells were harvested
by gentle centrifugation, resuspended in media containing ["C]leucine and the indicated calcium and dibutyryl cyclic
AMP (DBcAMP) concentrations, and incubated for another 90-min period . Exp B : Performed as Exp A, except that
['H]leucine and nonradioactive leucine were employed to initially label and chase the cells and ["C]lysine was
employed for the second labeling period . Results represent the average of three determinations ± the standard
deviation .
* Differs from 0 .5 mM Ca, P < 0.005 .
$ Differs from 0 .5 mM Ca, P< 0.01 .
§ Differs from 3 .0 mM Ca, P < 0.005 .
11 Differs from 3 .0 mM Ca, P< 0.025 .
~ Differs from 0 .5 mM Ca, P< 0.05 .
Effect of (1)-Isoproterenol on the Secretion of Total and Radioactive Parathormone and Cellular CyclicAMP
Condition
￿
Cyclic AMP
￿
Immunoactive hormone
￿
Radiolabeled hormone
jmolll0's cells
￿
ngll0° cells
￿
dpm
￿
dpmlng
Control
￿
380 t 50
￿
15 .9 ± 1 .0
￿
5,010 t 330
￿
315
I + AM (1)-Isoproterenol
￿
710 t 160*
￿
29.4 ± 1.3$
￿
5,550 ± 670
￿
187
The cells were incubated with 5 [LCi/ml ["C]leucine for 90 min in the presence and absence of I yM (1)-isoproterenol .
Immunoactive and radioactive parathormone content of the medium was determined as described in Materials and
Methods . Companion incubations which did not receive labeled amino acid were terminated 15 min after the
addition of (I)-isoproterenol for cellular cyclic AMP determinations . Results represent the average of six determi-
nations ± standard deviation .
* Differs from control, P < 0.025 .
Differs from control, P< 0.005 .
agogue that has been reported to act through cyclic
AMP in the parathyroid (4) . Table III shows that
the parathyroid cells incubated in the presence of
(1)-isoproterenol released twice as much immu-
noactive parathormone to the medium and con-
tained about twice the amount of cyclic AMP as
did the controls. The bulk, if not all, of the incre-
ment in hormone was derived from the nonradio-
active pool of hormone . Thus (1)-isoproterenol
and dibutyryl cyclic AMP affected secretion of
parathormone in the same manner .
A further link between hormone secretion and
TABLE III
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intracellular cyclic AMP levels in the parathyroid
cells is portrayed in Fig . 4 . This figure shows that
the basal concentration of cyclic AMP in the cells
varied inversely with calcium concentration of the
incubation medium in general, reflecting the
changes in parathormone secretion . Moreover, the
changes in amount ofcyclic AMPand the amounts
ofparathormone secreted elicited by calcium were
in the range of those produced by the (1)-isopro-
terenol (compare Fig . 4 to Table III) .
Examination of Fig. 2 reveals a major peak of
radioactivity in the medium in addition to para-
Exp Condition Immunoactive hormone
Radiolabeled
-'H-"old" hormone
hormone
"C-new hormone
ng12hl1O' cells dpmll0" cells
A . 0 .5 mM calcium 15.0 ± 1.0 5,100 ± 500 4,260 ± 205
0 .5 mM calcium + 1 mM DBcAMP 28.9 ± 2.2* 7,520 ± 620$ 4,590 ± 250
3 .0 mM calcium 4.1 ± 0 .6 1,940 ± 110 1,190 ± 70
3 .0 mM calcium + 1 mM DBcAMP 8.6 ± 1 .1§ 2,680 ± 1801 1,380 ± 120
B . 0 .5 mM calcium 17 .3 ± 0 .8 5,210 ± 615 5,170 ± 110
0 .5 mM calcium + 1 mM DBcAMP 33.4 ± 2.1* 6.885 ± 880T 5,100 ± 150
3 .0 mM calcium 5.0 ± 0 .7 1,500 ± 90 1,350 ± 110
3 .0 mM calcium + 1 mM DBcAMP 9.1 ± 0.9§ 2,710 ± 58511 2,000 ± 485thormone that we previously identified as secre-
tory protein-I (also called parathyroid secretory
protein) (24, 25) . Since the secretionof this protein
bears aclose relationship to that of parathormone,
we thought it of interest to compare its release to
that of the hormone under our experimental con-
ditions . Table IV lists the effect of calcium and
dibutyryl cyclic AMP on the secretion of previ-
ously synthesized and more recently synthesized
to
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FIGURE 4
￿
The secretion of parathormone and cellular
cyclic AMP content in parathyroid cells as a function of
medium calcium. Cells were incubated for 2 h at the
indicated medium calcium concentrations . The cyclic
AMPconcentration (0)wasdetermined in the cell pellet
obtained by centrifugation while the secreted immuno-
reactive parathormone (0) was determined in the me-
dium . Results represent the average ofsix determinations
± the standard deviation .
secretory protein-I . An antiserum for secretory
protein-I was not available and hence the table
does not include the actual amounts of this sub-
stance thatwassecreted . At 3.0 mM calcium, there
was 90-95% less secretion of both newly and pre-
viously secretory protein compared to that at 0.5
mM calcium . This wasa somewhat greater relative
difference than for the secretion of parathormone
(Table II) and is consistent with our earlier report
(24) . Dibutyryl cyclic AMP at both high and low
calcium preferentially stimulated the secretion of
previously synthesized secretory proteinwith little,
if any, effect on secretion of newly synthesized
protein (also see Fig . 2) . The same results were
obtained with (1)-isoproterenol in place of dibu-
tyryl cyclic AMP (data not shown) . Qualitatively,
therefore, the actions of calcium, dibutyryl cyclic
AMP, and (1)-isoproterenol on secretory protein-
I and parathormone were similar .
DISCUSSION
In vitro radioisotopic studies suggest that complex
relationships prevail in secretory tissues between
preexisting secretory protein and that most re-
cently synthesized by the tissue . Whether the
preexisting or the newer peptide is favored for
secretion seems to depend upon the tissue . In the
parotid gland, Sharoni et al . (36) observed a pref-
erential secretion of old granules over new . The
stimulation of secretion by (1)-isoproterenol did
not alter this preference but increased the rate of
entry of newly made protein into the old granule
pool. With pancreatic islets the bulk of the insulin
released from the cells under stimulation by glu-
cose or dibutyryl cyclic AMP was derived from
preexisting stores, with perhapsasmallcomponent
TABLE IV
Effect of Calcium and Dibutyryl CyclicAMP on the Secretion of Previously Synthesized ("Old') and Newly
Synthesized Secretory Protein-I (SP-I)
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Condition 'H - - old"
Radiolabeled secretory
SP-I
dpmll0" cells
protein-I
' °C-new SP-I
0 .5 mM calcium 17,280 ± 1,560 14,990 ± 1,270
0 .5 mM calcium 24,320 ± 1,290' 15,890 t 1,310
+ l mM DBcAMP
3 .0 mM calcium 1,910 ± 240 740 ± 100
3 .0 mM calcium 2,670 ± 210$ 790 ± 90derived from preferentially secreted newer hor-
mone (33, 34) . The opposite situation seems to
exist for the calcium-regulated release of para-
thormone by the parathyroid . MacGregor et al .
(21), studying parathyroid slices, found that the
specific radioactivity of the secreted hormone was
always many-fold greater than that ofthe hormone
in the storage pool of the tissue but approximated
that ofa deoxycholate-soluble fraction believed to
contain the newly synthesized hormone . The stim-
ulation of secretion achieved by lowering the cal-
cium concentration ofthe incubation medium did
not favor secretion of a greater proportion ofolder
hormone. The contribution, if any, of the preex-
isting hormone pool to the total hormone release
was not determined . MacGregor et al . (21) con-
cluded that the newly formed hormone-presum-
ably in prosecretory granules-"bypassed" the
bulk of tissue stores during secretion .
Our present data are consistent with those of
MacGregor et al. (21) and allow the further inter-
pretations that both the preexisting and new pools
of hormone participate in secretion by the tissue
and that release from these two pools can be
individually regulated . As was the case with para-
thyroid slices (21) the specific radioactivity ofhor-
mone in the incubation medium was substantially
higher than that in the cells, in keeping with the
preferential secretion ofnewly made hormone. We
also found that with calcium as the modulator, the
specific activity of the hormone released by the
cells was the same at all levels of secretion (Table
I) . Since the secreted hormone was derived from
both the older and more recently synthesized pools
(Table II), we may conclude that calcium did not
substantially alter the proportion of secreted hor-
mone drawn from these pools, although the net
amount secreted from each changed substantially .
This result with dispersed cells differs somewhat
from that of MacGregor et al . (21) with whole
slices, in that they reported that at lower calcium
concentrations somewhat more secreted hormone
was derived from the more recently formed pool
of hormone .
In contrast to the results with calcium, the stim-
ulation of secretion by dibutyryl cyclic AMP or
(1)-isoproterenol was accommodated by secretion
almost exclusively from the pool of preexisting
hormone . That this phenomenon was not a con-
sequence of secretion by the cells at a rate greater
than could be supplied by new synthesis can be
deduced from the data ofTable I : dibutyryl cyclic
100
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AMP affected release of nonradioactive hormone
to the same degree regardless of the net secretory
rate . We may also eliminate, as an explanation,
changes in amount of available "new" hormone,
since neither dibutyryl cyclic AMP nor (1)-isopro-
terenol affected the synthetic rate of proparathor-
mone or the rate of degradation of intracellular
parathormone .
Our results clearly point to the existence within
the dispersed parathyroid cells of two slowly equi-
librating and individually recruitable pools ofpar-
athormone . What is not clear is whether these
pools coexist within single cells or whether, in-
stead, they are contained within two physiologi-
cally different cell types . Studies in the literature
do not allow one to choose with certainty between
the two possibilities. Nakagami et al . (26) exam-
ined parathyroid gland function by electron mi-
croscope autoradiography with ['H]tyrosine and
[3H]galactose . They concluded that all of the cells
of the gland were in about the same state of
synthetic activity . Our autoradiographic exami-
nation of the dispersed cells (Fig . 1) agrees with
their observation . Our results, therefore, could be
explained by both parathormone pools existing in
the same cell, providing the incorporation of ra-
dioactive label seen in the autoradiographic stud-
ies included as a component hormone synthesis .
On the other hand, Roth and Capen (32) and
Shannon and Roth (35) examined the ultrastruc-
tural features of the parathyroid of several species
and have proposed that the cells of the gland pass
through a discrete cycle of activity in which their
synthetic and secretory activity varies broadly.
This situation would readily fit the concept of two
hormone pools residing in different parathyroid
cells at different stages of activity . Additional stud-
ies will be required to decide between the above
possibilities .
If the two hormone pools exist in the same cells,
we may ask at what rate do the pools exchange?
If the pools exist in different cells (that is, at
different biosynthetic and secretory stages) we may
ask at what rate do they cycle? In the data previ-
ously reported on parathyroid slices (20, 21), the
entry of newly synthesized hormone into the pool
of deoxycholate-resistant hormone (the "storage"
pool) was so slow that no clear idea of equilibra-
tion time could be obtained . In the present data
(Table II), the stimulation by dibutyryl cyclic
AMP of hormone secretion from cells that had
been prelabeled by a pulse of radioactive aminoacid produced about twice the increase in net
hormone secretion as it did in radioactive hormone
secretion . This nonequality suggests that the half-
time of equilibration or, alternatively, of that re-
quired to pass through the synthetic to secretory
stage is somewhat greater than 3-4 h .
Of interest are the mechanisms by which dibu-
tyryl cyclic AMP and calcium affected the secre-
tion of hormone from the tissue pools . Since the
former agent acted primarily on the older hor-
mone, it is conceivable that cyclic AMP acted
directly or indirectly in the fusion of the secretory
granule to the cell membrane during exocytosis .
With calcium the situation could be more complex,
since it enhances the degradation ofnewly formed
parathormone (9, 17). This degradation alone
could have limited the amount of new hormone
that was secreted . Calcium could also have directly
affected the passage ofthe new hormone (presum-
ably in prosecretory granules [20, 21]) through the
plasma membrane . In addition, since calcium di-
rectly affected the intracellular level ofcyclicAMP
(Fig. 4), it could also indirectly have influenced
secretion from the preexisting granule pool .
The present results again show the similarity in
secretion of parathormone and secretory protein-
1 . The fact that the latter protein was rapidly
synthesized in the gland and that its secretion was
under close regulation by calcium in the same
direction as that ofparathormone earlier suggested
that it had an important function in the gland (24) .
In the present report, dibutyryl cyclic AMP pref-
erentially enhanced the secretion ofthe preexisting
pool of secretory protein-I over that of newly
synthesized proteins, and calcium acted on both
pools. Thus, secretory protein-I seems to be stored
in the same manner as parathormone, and its
secretion is modulated in a similar fashion . Al-
though these and previous results do not provide
a specific role for secretory protein-1, they
strengthen the speculation that its secretion and
that of the hormone are in some way coupled .
If the in vitro effects on secretion of parathor-
mone by dibutyryl cyclic AMP and (1)-isoproter-
enol observed in vitro are referable to events in
vivo-and certain studies on stimulation of the
gland in vivo (15, 23) suggest that they are-then
we may conclude that the animal has within the
parathyroid gland two different pools of parathor-
mone that are subject to modulation by quite
different physiological agents . The advantages to
the animal in having such alternative secretory
routes must yet be determined .
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